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Membrane traffic: Do cones mark sites of fission?
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Membrane fission occurs in eukaryotic cells whenever a
vesicle is produced or a larger subcellular compartment
is divided into smaller discrete units. Recent evidence
suggests this fission event is promoted by enzymes
that generate phosphatidic acid and thereby cause a
distortion of the lipid bilayer.
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Vesicle-mediated transport in the secretory and endocytic
pathways of eukaryotic cells involves the assembly of coat
protein complexes onto the cytoplasmic face of the lipid
bilayer [1]. These coat proteins are thought to be responsi-
ble for both the concentration of cargo proteins within the
vesicle and the deformation of the lipid bilayer necessary
to form the final, spherical, vesicle bud structure [1]. The
final step in vesicle formation, termed fission or scission, is
less well understood, but must involve some form of
membrane fusion event at the restricted neck of the
vesicle bud (Figure 1). Recent results [2,3] suggest that
the fission event is promoted by enzymes that catalyse the
transfer of fatty acids from coenzyme A to lysophospha-
tidic acid (LPA), generating phosphatidic acid that causes
a destabilising distortion of the lipid bilayer.
For two classes of vesicle, those bearing COP I or COP II
coat proteins, vesicle formation has been reconstituted
in vitro with only purified proteins and synthetic lipid
vesicles, suggesting that specific fission factors are not
absolutely required [4,5]. This led to the hypothesis that
the coat proteins serve as a mechanical device that drives,
not only the vesicle budding process, but also the final
fission event. Whether this is actually sufficient for vesicle
fission in vivo, and how fission events that are not coupled
to vesicle formation occur, are still matters for debate. 
For other classes of vesicle, such as the clathrin-coated
vesicles that form at the plasma membrane and trans-
Golgi network [6,7], there is evidence that members of the
dynamin family of proteins act as specific fission factors.
The suggestion is that dynamin assembles at the site of
fission and garrottes the membrane in a process driven by
GTP hydrolysis. This notion is supported by the ability of
purified dynamin to mechanically vesiculate liposomes
in vitro in a GTP-dependent fashion [8]. There are,
however, now suspicions that dynamin might not act as a
fission factor in vivo, as mutations that compromise its
ability to hydrolyse GTP actually promote receptor-medi-
ated endocytosis. This observation led to the proposal that
it is the downstream effectors of dynamin that physically
mediate vesicle fission [9].
Membrane fission as envisaged in the examples discussed
above is fundamentally a mechanical process, but recent
evidence suggests this is not the whole story. Work carried
out in two in vitro systems for either synaptic vesicle
Figure 1
A diagrammatic representation of vesicle
fission. (a) Vesicle coat proteins (green)
assemble on the cytoplasmic face of the
membrane, resulting in the formation of a
vesicle bud with a constricted neck
(red arrows). Membrane fission occurs when
the lipid bilayers at this point fuse. (b) The
localised production of a cone-shaped
phospholipid such as phosphatidic acid
(red triangles) from an inverted-cone-shaped
phospholipid such as LPA (inverted blue
triangles) in the cytoplasmic leaflet of the
bilayer allows the bilayer at this point to adopt
the extreme inward curvature along the bud
axis suggested to favour fission [2,3].
(c) Note that the opposite curvature exists
round the neck of the bud, something that
inverted-cone-shaped phospholipids such as
LPA (blue triangles) would appear to favour.
If this model is correct, interconversion of LPA
and phosphatidic acid would presumably
destabilise the organisation of the bilayer at
the bud neck.
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formation [2] or the fragmentation of the Golgi apparatus [3]
has provided surprising evidence for a common mechanism
of membrane fission, involving the remodelling of mem-
brane lipids rather than mechanical force generation. The
groups concerned have identified proteins — endophilin I
for synaptic vesicles and BARS50 for the Golgi
apparatus — which mediate the transfer of fatty acids from
coenzyme A to a LPA acceptor, generating phosphatidic
acid (Figure 2). The two enzymes have similar properties,
preferentially using LPA while showing little activity
towards other lysophospholipids, and transferring a variety
of saturated or unsaturated fatty acids.
Not surprisingly, a common model has been put forward
to explain how endophilin I and BARS50 promote fission
(Figure 1a,b). The model is based on the observation that
the phospholipid LPA, with just a single fatty acid chain,
has an inverted-cone shape, while phosphatidic acid, with
two fatty acid chains, is thought to be cone shaped [10].
Production of a cone-shaped lipid in the cytoplasmic
leaflet of the bilayer would induce an inward distortion of
the membrane along the axis of the bud, promoting fusion
of the lumenal leaflets and subsequently membrane
fission [2,3]. Unfortunately, this simple model fails to
explain how phosphatidic acid would be arranged round
the constricted bud neck, which has the opposite
curvature, something that would seem to be favoured by
inverted cone phospholipids such as LPA (Figure 1c).
What criteria should be used to recognise an effector for
membrane fission? Little is known about membrane
fission or the proteins mediating it, but there are a number
of criteria that such a protein might be expected to adhere
to. Inhibition or depletion of the putative fission protein
or its cofactors should prevent fission, and lead to the
accumulation of a pre-fission intermediate, such as a com-
pleted vesicle bud. The protein, or in the case of an
enzyme its reaction products, should localise to the site of
fission — that is, the neck region of a vesicle bud or the
constricted part of a tubule or tubular network. This asso-
ciation could occur at the cytoplasmic or lumenal surface
of the membrane, or both in the case of a transmembrane
protein. The protein should display a specific fission
activity towards its target membrane when used at a phys-
iological concentration. Finally, its presence should corre-
late with the membrane fission event under examination;
for example, synaptic vesicle fission proteins would be
expected only in the brain.
BARS50 was originally discovered by Luini and co-
workers [11,12] as one of two proteins — the other is
glyceraldehyde-3-phosphate dehydrogenase — that are
ADP-ribosylated in cells treated with the drug brefeldin A
(BFA). They reasoned that, as BFA is an agent that
disrupts membrane transport and causes collapse of the
Golgi apparatus back into the endoplasmic reticulum,
these proteins might be important for normal Golgi
apparatus function. Purification of BARS50 [13] showed
that it is a member of a group of proteins thought to func-
tion in transcriptional repression [14], with a high degree
of sequence similarity to glyceraldehyde-3-phosphate
dehydrogenases. How these observations tied in with
those on the function of BARS50 in Golgi membrane
dynamics was unclear, but the recent study of Weigert
et al. [3] has now provided evidence that BARS50 plays a
direct role in Golgi membrane fission.
Weigert et al. [3] analysed the function of BARS50 using a
cell-free assay in which morphological changes in purified
Golgi membranes were quantified following incubation
with cytosolic extracts and partially purified, recombinant
BARS50. They found that, when BARS50 was added to
Golgi membranes in the presence of cytosol, it promoted
fission of the tubules and tubular networks associated with
the stacked Golgi cisternae, but not the central areas of
the cisternae themselves [3]. Closer analysis of the
membranes after 15 minutes of incubation revealed that
constrictions, interpreted to be sites of fission, had
appeared at regular intervals along the tubules, indicating
some degree of organisation of the fission process. Perhaps
inspired by the observations that transfer of palmitate
from palmitoyl coenzyme A to an unidentified acceptor
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Figure 2
Endophilin I and BARS50 catalyse the
transfer of fatty acids from coenzyme A to
lysophosphatidic acid (left), generating
phosphatidic acid (right) at the site of
membrane fission. Drawn approximately to
scale, the red oval denotes the glycerol
backbone and phosphate headgroup, while
the fatty acid chains are shown in grey. The
carbon chain length and number of double
bonds of the various fatty acids are indicated
in brackets. LPA is shown with an oleoyl
fatty acid, as this was the form used by
Weigert et al. [3].
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molecule is required for the fission of COP I vesicles from
Golgi membranes [15], Weigert et al. [3] then showed that
the requirement for cytosol in membrane fission could be
replaced by palmitoyl coenzyme A and BARS50 alone.
The ability of BARS50 to promote membrane fission was
found to be closely correlated with its acyl transferase
activity for all the fatty acyl coenzyme As that were
tested [3], indicating that Golgi membranes have no spe-
cific requirement for a particular type of phosphatidic
acid in fission. Considering the criteria for membrane
fission defined above, there are still some key pieces of
evidence missing before we can be certain that BARS50
is a fission factor. BARS50 does not appear to be local-
ized to the site of membrane fission, and it has not been
demonstrated that its depletion from cytosol results in an
accumulation of pre-fission intermediates, such as COP I
coated vesicle buds. Whether BARS50 really is the
in vivo effector for the palmitoyl-coenzyme A-mediated
fission of COP I vesicles remains an open question.
So, is endophilin I a fission enzyme? It is certainly in the
right place, as it binds to dynamin, which is known to
localise to the site of membrane fission during clathrin
coated vesicle biogenesis [6]. Schmidt et al. [2] clearly
demonstrated that endophilin I is required for synaptic
vesicle formation in their in vitro assay. They found that
depletion of endophilin I abolished synaptic vesicle
formation, an effect that was rescued by readdition of the
recombinant protein. In an in vitro assay for clathrin-coated
vesicle formation, the Src homology 3 (SH3) domain of
endophilin I blocked vesicle formation at a late stage, just
prior to fission [16]. Somewhat contradicting this, anti-
bodies to endophilin I blocked the formation of clathrin-
coated vesicles in lamprey nerve terminals at an early stage,
where the coated pit has just started to invaginate [17]. One
possible explanation for the discrepancy is that the anti-
body acts by blocking an early stage of endophilin I action
that involves functions associated with its SH3 domain,
whereas the recombinant SH3 domain acts by blocking the
recruitment of the full-length protein at a late stage where
its fatty acyl transferase activity is needed. 
Endophilin I is able to transfer both palmitic and
arachidonic acid to LPA, but Schmidt et al. [2] found that
only arachidonic acid supported the formation of synaptic
vesicles in vitro, demonstrating there is some specific
requirement for the type of phosphatidic acid produced [2].
They suggest that phosphatidic acid, with one arachidonyl
fatty acid chain, allows greater curvature of the bilayer,
which may be important given the small size of synaptic
vesicles. Not only is the type of phosphatidic acid pro-
duced important in this assay, the method of production
also appears to be critical. Phospholipase D, which gener-
ates phosphatidic acid by cleaving the headgroups from
membrane lipids, was unable to bypass the requirement
for endophilin I in this system [2]. Assuming that lipids
with an arachidonyl fatty acid chain were present in the
bilayer, and that the appropriate bioactive form of phos-
phatidic acid was generated, this observation supports a
model in which localised production of phosphatidic acid
by endophilin I is critical for synaptic vesicle fission. The
restricted distribution of endophilin I, which is present
mainly in the brain [18], is consistent with it having a role
in synaptic vesicle formation.
Are we any closer to understanding the mechanism of
membrane fission? Many issues need to be addressed
before we can be certain that endophilin I and BARS50
really are fission factors. One of the major issues concerns
the synthesis and turnover of phosphatidic acid and LPA,
and how these might be regulated so that microdomains of
phosphatidic acid are generated at the sites of fission. At
this point it should be noted that the catalytic activities of
BARS50 and endophilin I are extremely low, generating
respectively 0.1 and 1 molecules of phosphatidic acid per
minute per molecule of protein. There are many reasons
why the proteins might not have displayed their full
activity in vitro, but it may indicate that the true in vivo
substrates have not been identified. The identification of
two enzymes catalysing the transfer of fatty acids to LPA
as potential key players in membrane fission are discover-
ies that clearly raise as many questions as they answer.
References
1. Springer S, Spang A, Schekman R: A primer on vesicle budding.
Cell 1999, 97:145-148.
2. Schmidt A, Wolde M, Thiele C, Fest W, Kratzin H, Podtelejnikov AV,
Witke W, Huttner WB, Söling H-D: Endophilin I mediates synaptic
vesicle formation by transfer of arachidonate to lysophosphatidic
acid. Nature 1999, 401:133-141.
3. Weigert R, Silletta MG, Spanò S, Turracchio G, Cercicola C, Colanzi A,
Senatore S, Mancini R, Polishchuk EV, Salmona M, et al.: CtBP/BARS
induces fission of Golgi membranes by acylating lysophosphatidic
acid. Nature 1999, 402:429-433.
4. Matsuoka K, Orci L, Amherdt M, Bednarek SY, Hamamoto S,
Schekman R, Yeung T: COPII-coated vesicle formation reconstituted
with purified coat proteins and chemically defined liposomes. Cell
1998, 93:263-275.
5. Bremser M, Nickel W, Schweikert M, Ravazzola M, Amherdt M,
Hughes CA, Söllner TH, Rothman JE, Wieland FT: Coupling of coat
assembly and vesicle budding to packaging of putative cargo
receptors. Cell 1999, 96:495-506.
6. Takel K, McPherson PS, Schmid SL, De Camilli P: Tubular
membrane invaginations coated by dynamin rings are induced
by GTP-gamma S in nerve terminals. Nature 1995, 
374:186-190.
7. Jones SM, Howell KE, Henley JR, Cao H, McNiven MA: Role of
dynamin in the formation of transport vesicles from the trans-
Golgi network. Science 1998, 279:573-577.
8. Sweitzer SM, Hinshaw JE: Dynamin undergoes a GTP-dependent
conformational change causing vesiculation. Cell 1998,
93:1021-1029.
9. Sever S, Muhlberg AB, Schmid SL: Impairment of dynamin’s GAP
domain stimulates receptor-mediated endocytosis. Nature 1999,
398:481-486.
10. Chernomordik L, Kozlov MM, Zimmerberg J: Lipids in biological
membrane fusion. J Membr Biol 1995, 146:1-14.
11. De Matteis MA, Di Girolami M, Colanzi A, Pallas M, Di Tullio G,
McDonald LJ, Moss J, Santini G, Bannykh S, Corda D, et al.:
Stimulation of endogenous ADP-ribosylation by brefeldin A. Proc
Natl Acad Sci USA 1994, 91:1114-1118.
Dispatch R143
bb10d09.qxd  03/01/2000  02:58  Page R143
12. Mironov A, Colanzi A, Silletta MG, Fiucci G, Flati S, Fusella A,
Polischuk R, Mironov Jr A, Di Tullio G, Weigert R, et al.: Role of
NAD+ and ADP-ribosylation in the maintenance of the Golgi
structure. J Cell Biol 1997, 139:1109-1118.
13. Spanò S, Silletta MG, Colanzi A, Alberti S, Fiucci G, Valente C,
Fusella A, Salmona M, Mironov A, Luini A, et al.: Molecular cloning
and functional characterization of brefeldin A-ADP-ribosylated
substrate. A novel protein involved in the maintenance of the
Golgi structure. J Biol Chem 1999, 274:17705-17710.
14. Nibu Y, Zhang H, Levine M: Interaction of short-range repressors
with Drosophila CtBP in the embryo. Science 1998, 280:101-104.
15. Ostermann J, Orci L, Tani K, Amherdt M, Ravazzola M, Elazar Z,
Rothman JE: Stepwise assembly of functionally active transport
vesicles. Cell 1993, 75:1015-1025.
16. Simpson F, Hussain NK, Qualmann B, Kelly RB, Kay BK, McPherson
PS, Schmid SL: SH3-domain-containing proteins function at
distinct steps in clathrin-coated vesicle formation. Nat Cell Biol
1999, 1:119-124.
17. Ringstad N, Gad H, Low P, Di Paolo G, Brodin L, Shupliakov O,
De Camilli P: Endophilin/SH3p4 is required for the transition from
early to late stages in clathrin-mediated synaptic vesicle
endocytosis. Neuron 1999, 24:143-154.
18. De Heuvel E, Bell AW, Ramjaun AR, Wong K, Sossin WS,
McPherson PS: Identification of the major synaptojanin-binding
proteins in brain. J Biol Chem 1997, 272:8710-8716.
R144 Current Biology Vol 10 No 4
If you found this dispatch interesting, you might also want
to read the August 1999 issue of
Current Opinion in
Cell Biology
which included the following reviews, edited
by Pietro De Camilli and Graham Warren,
on Membranes and sorting:
Membrane microdomains and caveolae
Teymuras V Kurzchalia and Robert G Parton
Protein modules as organizers of membrane structure
Alan S Fanning and James Melvin Anderson
Mechanisms of vesicle formation: insights from the
COP system
Felix Wieland and Cordula Harter
Intracellular membrane fusion: SNAREs only?
Andreas Mayer
Membrane tethering in intracellular transport
M Gerard Waters and Suzanne R Pfeffer
Phosphoinositides in membrane traffic
Silvia Corvera, Antonello D’Arrigo and Harald Stenmark
The role of ARF and Rab GTPases in
membrane transport
Philippe Chavrier and Bruno Goud
Membrane motors
Victoria J Allan and Trina A Schroer
Endocytosis and mitogenic signaling
Pier Paolo Di Fiore and Gordon N Gill
Disease models provide insights into post-Golgi
protein trafficking, localization and processing
Dennis Shields and Peter Arvan
the same issue also included the following
reviews, edited by Christopher F Higgins,
on Membrane permeability:
Structure and function of facilitative sugar transporters
Michael P Barrett, Adrian R Walmsley and Gwyn W Gould
Inwardly rectifying potassium channels
Frank Reimann and Frances M Ashcroft
CIC channels: leaving the dark ages on the verge of a
new millennium
Miguel A Valverde
Structure and function of the P-type ATPases
Gene A Scarborough
The full text of Current Opinion in Cell Biology is in the
BioMedNet library at
http://BioMedNet.com/cbiology/jcel
bb10d09.qxd  03/01/2000  02:58  Page R144
